Thalassemia is a genetic blood disorder requiring life-long blood transfusions. This process often results in iron overload and can be treated by an ironchelating agent, like deferiprone (3-hydroxy-1,2-dimethylpyridin-4-one), C 7 H 9 NO 2 , in an oral formulation. The first crystal structure of deferiprone, (Ia), was reported in 1988 [Nelson et al. (1988) . Can. J. Chem. 66, 123-131]. In the present study, two novel polymorphic forms, (Ib) and (Ic), of deferiprone were identified concomitantly with polymorph (Ia) during the crystallization experiments. Polymorph (Ia) was redetermined at low temperature for comparison of the structural features and lattice energy values with polymorphs (Ib) and (Ic). Polymorph (Ia) crystallized in the orthorhombic space group Pbca, whereas both polymorphs (Ib) and (Ic) crystallized in the monoclinic space group P2 1 /c. The asymmetric units of (Ia) and (Ib) contain one deferiprone molecule, while polymorph (Ic) has three crystallographically independent molecules (A, B and C). All three polymorphs have similar hydrogen-bonding features, such as an R 2 2 (10) dimer formed by O-HÁ Á ÁO hydrogen bonds, an R 4 3 (20) tetramer formed by C-HÁ Á ÁO hydrogen bonds andinteractions, but the polymorphs differ in their molecular arrangements in the solid state and are classified as packing polymorphs. O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds lead to the formation of two-dimensional hydrogen-bonded parallel sheets which are interlinked bystacking interactions. In the three-dimensional crystal packing, the deferiprone molecules were aggregated as corrugated sheets in polymorphs (Ia) and (Ic), whereas in polymorph (Ib), they were aggregated as a square-grid network. The characteristic crystalline peaks of polymorphs (Ia), (Ib) and (Ic) were established through powder X-ray diffraction analysis. The Rietveld analysis was also performed to estimate the contribution of the polymorphs to the bulk material.
Thalassemia is a genetic blood disorder requiring life-long blood transfusions. This process often results in iron overload and can be treated by an ironchelating agent, like deferiprone (3-hydroxy-1,2-dimethylpyridin-4-one), C 7 H 9 NO 2 , in an oral formulation. The first crystal structure of deferiprone, (Ia), was reported in 1988 [Nelson et al. (1988) . Can. J. Chem. 66, [123] [124] [125] [126] [127] [128] [129] [130] [131] . In the present study, two novel polymorphic forms, (Ib) and (Ic), of deferiprone were identified concomitantly with polymorph (Ia) during the crystallization experiments. Polymorph (Ia) was redetermined at low temperature for comparison of the structural features and lattice energy values with polymorphs (Ib) and (Ic). Polymorph (Ia) crystallized in the orthorhombic space group Pbca, whereas both polymorphs (Ib) and (Ic) crystallized in the monoclinic space group P2 1 /c. The asymmetric units of (Ia) and (Ib) contain one deferiprone molecule, while polymorph (Ic) has three crystallographically independent molecules (A, B and C). All three polymorphs have similar hydrogen-bonding features, such as an R 2 2 (10) dimer formed by O-HÁ Á ÁO hydrogen bonds, an R 4 3 (20) tetramer formed by C-HÁ Á ÁO hydrogen bonds andinteractions, but the polymorphs differ in their molecular arrangements in the solid state and are classified as packing polymorphs. O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds lead to the formation of two-dimensional hydrogen-bonded parallel sheets which are interlinked bystacking interactions. In the three-dimensional crystal packing, the deferiprone molecules were aggregated as corrugated sheets in polymorphs (Ia) and (Ic), whereas in polymorph (Ib), they were aggregated as a square-grid network. The characteristic crystalline peaks of polymorphs (Ia), (Ib) and (Ic) were established through powder X-ray diffraction analysis. The Rietveld analysis was also performed to estimate the contribution of the polymorphs to the bulk material.
Introduction
Thalassemia is genetic blood disorder resulting in excessive destruction of red blood cells, which leads to anaemia (Jamuar & Lai, 2012) . The condition requires blood transfusions for life, which leads to iron overload that can cause organ dysfunctions and also lead to cardiac complications (Zurlo et al., 1989) . Deferoxamine mesylate (Desferal, desferrioxamine) is one of the common and well-known iron-chelating drugs used for the treatment of iron-overload diseases and is administered as an injection (Vermylen, 2008; Nick, 2007; Beutler, 2007) . In addition, deferiprone (Ferriprox) and deferasirox (ICL670; Exjade) are orally administered drugs for the removal of excess iron through chelation (Borgna-Pignatti et al., 2006; Yang et al., 2007; Vichinsky, 2008; Hatcher et al., 2009 ). The role of deferiprone in removing excess iron is via the formation of a complex with the ferric(III) ion. The ISSN 2053 ISSN -2296 # 2020 International Union of Crystallography complex is then expelled from the body in urine, thus controlling iron overload (Kontoghiorghes et al., 2000) .
Polymorphism is a solid-state phenomenon. By definition, it is related to the existence of two or more crystalline forms of a compound without any alteration to its chemical structure and empirical formula (Gavezzotti, 2007) . Polymorphic forms exhibit differences with respect to bioavailability, solubility and the stability of the crystalline forms (Yu et al., 2003) , and influence the pharmacokinetics and pharmacodynamics of a drug administered into the body (Singhal & Curatolo, 2004) . For example, Rifaximin is a broad spectrum antibacterial drug. It exists in five polymorphic forms (, , , and ") , of which the from is the thermodynamically more stable and commercially marketed, whereas the and forms exhibit better bioavailability (Censi et al., 2015) . The Cambridge Structural Database (CSD; Groom et al., 2016) was searched for deferiprone (3-hydroxy-1,2-dimethylpyridin-4-one), (I) (see Scheme), and it was found that there are more metal complexes of deferiprone (Ahmed et al., 2000; Drouza et al., 2004; Puglisi et al., 2012; Wang et al., 2018) . Crystal structures of deferiprone, together with three cocrystal structures, have been reported in the literature (Nelson et al., 1988; Hider et al., 1990; Clarke et al., 1992; Zhang et al., 2016) . We were interested in crystallizing deferiprone with different coformers, like cytosine, thymine, resorcinol and phthalimide. In our search for cocrystals, we obtained two novel polymorphic forms of deferiprone accidently. The identification of new polymorphic forms of compounds in attempted cocrystallization experiments is a well-known phenomenon (Rafilovich & Bernstein, 2006; Babu et al., 2008) . We also obtained a second polymorphic form of cytosine when attempting to cocrystallize cytosine with catechol (Sridhar et al., 2015) . For comparison studies with new polymorphs and for energy calculations, polymorph (Ia) was redetermined at low temperature (100 K). In the present study, we present the structural aspects of two novel polymorphs of deferiprone, denoted (Ib) and (Ic), along with the redetermination of polymorph (Ia) at low temperature.
Experimental

Crystallization details
Deferiprone (Sigma-Aldrich India) and phthalimide (Himedia Laboratories, Hyderabad) were used as received for the attempted preparation of cocrystals in methanol. Deferiprone (50 mg, 0.36 mmol) and phthalimide (53 mg, 0.36 mmol) were dissolved in methanol (10 ml). Crystals were obtained after 5 d by slow evaporation under ambient conditions. Initially, several crystals were screened on a singlecrystal X-ray diffractometer in order to select good-quality crystals for data collection. During this exercise, we found three different sets of unit cells though, in terms of morphology, all the crystals were identical. Out of these three Table 1 Experimental details. For all determinations: C 7 H 9 NO 2 , M r = 139.15. Experiments were carried out at 100 K with Mo K radiation using a Bruker D8 QUEST PHOTON-100 diffractometer. Absorption was corrected for by multi-scan methods (SADABS; Bruker, 2016 sets, one matched the reported unit cell of polymorph (Ia). The other two sets of unit cells were found to be new polymorphs of deferiprone, denoted (Ib) and (Ic). All three polymorphs were observed concomitantly. Our subsequent crystallization attempts on deferiprone suggested that the presence of phthalimide was not a strict criterion for obtaining polymorphs (Ib) and (Ic). They were also observed concomitantly along with polymorph (Ia) by slow evaporation from methanol. We were able to differentiate polymorphs (Ia), (Ib) and (Ic) through unit-cell determination since morphologically they were identical.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . In polymorph (Ic), all the atoms (C1-C7/N1/O1/O2) of molecules B and C were disordered over two positions (C1-C7/N1/O1/O2 and C1 0 -C7 0 /N1 0 / O1 0 /O2 0 ) and their site-occupation factors refined to 0.9456 (14) and 0.0544 (14) for molecule B, and to 0.9579 (13) and 0.0421 (13) for molecule C. The anisotropic displacement parameters of these disordered atoms were restrained to be similar. Distance restraints were also used for the disordered groups. The O-bound H atom of (Ia) was located in a difference-density map and refined isotropically. The O-bound atoms of polymorphs (Ib) and (Ic), and H atoms on C atoms of (Ia)-(Ic) were located in difference-density maps, but were positioned geometrically and included as riding atoms, with C-H = 0.93-0.98 Å , O-H = 0.84 Å and U iso (H) = 1.5U eq (C,O) for methyl and hydroxy H atoms, and 1.2U eq (C) for all other H atoms.
Powder X-ray diffraction
The powder X-ray diffraction (PXRD) measurements were performed under ambient conditions on a Bruker D8 Advance powder X-ray diffractometer, infoil transmission geometry, equipped with Cu K radiation (1.54060 Å ) and a LYNXEYE XE-T detector, operating at 40 kV and 30 mA, with a step size of 0.02 and a step time of 1 s. Primary and secondary soller slits of 2.5 were used. The crystals grown from methanol were collected and ground gently into a powder for the PXRD measurement. The crystal structures of the three polymorphic forms of deferiprone (data collected at room temperature in fast scan mode) were used for comparison to establish characteristic peaks for the three polymorphic forms. Rietveld refinement was performed on the bulk-material PXRD data using TOPAS software (Version 6; Rietveld, 1969; Bruker, 2017) . Refinement was performed in the 2 range 11-40 and the background was modelled using the Chebychev method with a polynomial order of 2. CIF files for polymorphs (Ia) and (Ib) were loaded and the corresponding space-group numbers were entered as 61 (for Pbca) and 14 (for P2 1 /c), respectively. The unit-cell parameters were allowed to refine and the data were scaled during the refinement. The preferred orientation at hkl values of 0 0 2 and 0 2 1 for polymorph (Ia), and at hkl values of 0 2 0 and 0 1 1 for polymorph (Ib) were included during the final refinement, resulting in an R wp value of 0.131. From the refinement it is concluded that the bulk material is composed of 41.6% of polymorph (Ia) and 50.4% of polymorph (Ib).
Hirshfeld surface analysis and lattice energy calculations
Hirshfeld surface area and volume (Hirshfeld, 1977; Spackman & Jayatilaka, 2009 ) were calculated using Crystal-Explorer17.5 software (Turner et al., 2017) in order to understand the subtle differences amongst polymorphs (Ia)-(Ic). The lattice energy calculations of (Ia)-(Ic) were also performed using CrystalExplorer17.5. For the calculations, the CIF files of polymorphs (Ia) and (Ib), and the structure of polymorph (Ic) without disorder were used and the atoms were generated with a radius of 3.8 Å . After generating complete fragments, accurate energies were calculated using the density functional theory (DFT) B3LYP/6-31G(d,p) basis set, as implemented in the CrystalExplorer17.5 software. The lattice energy calculations were performed for pairwise interaction energies within a crystal using four energy components comprising electrostatic (E ele ), polarization (E pol ), dispersion (E dis ) and exchange-repulsion (E rep ). For polymorph (Ic), the lattice energies were calculated for molecules A, B and C as À139.4, À143.2 and À141.2 kJ mol À1 , respectively. The average value for polymorph (Ic) is À141.26 kJ mol À1 . The lattice energies for polymorphs (Ia) and (Ib) were calculated as À140.5 and À142.15 kJ mol À1 , respectively.
Results and discussion
Structure analysis
The known form of deferiprone (Nelson et al., 1988; Hider et al., 1990; Clarke et al., 1992) crystallized in the orthorhombic space group Pbca and is referred to as polymorph (Ia). While the two new polymorphs, referred as polymorphs (Ib) and (Ic), crystallized in the monoclinic space group P2 1 /c. Interestingly, the asymmetric units of polymorphs (Ia) and (Ib) contain one The molecular structure of polymorph (Ib), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level. deferiprone molecule, whereas polymorph (Ic) has three molecules (indicated with A, B and C suffixes) in the asymmetric unit. The crystal structure of (Ia) has been determined previously at room temperature (Nelson et al., 1988) . For comparison studies and energy calculations, polymorph (Ia) was redetermined at low temperature (100 K) and its unit-cell dimensions were found to be similar to the previously published data [a = 7.3036 (4), b = 13.0490 (6), c = 13.7681 (7) In all three polymorphs, O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds (Tables 2-4) stabilize the crystal structures; the hydrogen bonds of the major component of the disordered atoms of polymorph (Ic) have been tabulated (Table 4 ). The O-HÁ Á ÁO hydrogen bonds form a centrosymmetric R 2 2 (10) dimer (Etter, 1990; Etter et al., 1990; Bernstein et al., 1995) and this is a common feature in all three polymorphs ( Fig. 3 represents a common feature observed in the three poly-morphs). In polymorphs (Ia) and (Ib), a homodimer is formed between inversion-related deferiprone molecules. In polymorph (Ic), a homodimer is observed between inversionrelated A molecules, while a heterodimer is observed between molecules B and C. Table 4 Hydrogen-bond geometry (Å , ) for polymorph (Ic). (14) 151 (2) 
Figure 4
Part of the crystal packing of polymorph (Ib), viewed down the c axis, showing the deferiprone molecules interlinked with inversion-related molecules by O-HÁ Á ÁO hydrogen bonds and its screw-related molecules interlinked by C-HÁ Á ÁO interactions. The combination of O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds leads to the formation of 2D hydrogen-bonded sheets. The circled area shows theinteractions between the deferiprone molecules, shown on the left in a different orientation for a better view. Hydrogen bonds are shown as dashed lines and H atoms not involved in hydrogen bonding have been omitted for clarity. Selected atoms have been labelled, primarily to provide a key for the coding of the atoms. [Symmetry codes: (i) Àx + 1, Table 2 Hydrogen-bond geometry (Å , ) for polymorph (Ia). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) x; Ày þ 1 2 ; z À 1 2 ; (iii) Àx þ 1 2 ; Ày þ 1, z À 1 2 . Table 3 Hydrogen-bond geometry (Å , ) for polymorph (Ib). (2) 2.6602 (10) 153.0 (17) C6-H6AÁ Á ÁO2 ii 0.98 2.51 3.4560 (13) 161 C7-H7AÁ Á ÁO2 iii 0.98 2.55 3.5177 (13) 168
Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) Àx; y À 1 2 ; Àz þ 1 2 ; (iii) Àx þ 1; y À 1 2 , Àz þ 1 2 .
There are two C-HÁ Á ÁO interactions, viz. C6-H6AÁ Á ÁO2 ii and C7-H7AÁ Á ÁO2 iii (see Tables 2-4 for symmetry codes) , which help to form tetrameric R 3 4 (20) motifs on either side of the R 2 2 (10) dimer in all three polymorphs (Fig. 3) . The differences between the three polymorphs are seen when the central O-HÁ Á ÁO dimers are viewed perpendicular to the plane of the paper (Fig. 3 ). In polymorph (Ia), the tetrameric unit is composed of one in-plane and three out-of-plane deferiprone molecules, while in polymorph (Ib), all molecules are out-ofplane in the tetrameric unit. Interestingly, polymorph (Ic) is an intermediate case of polymorphs (Ia) and (Ib). Two different sets of tetrameric units are observed in polymorph (Ic) (Fig. 3) . The first set is formed by one in-plane and three out-of-plane molecules, as seen in polymorph (Ia), and the second set is composed of four out-of-plane molecules, as seen in polymorph (Ib). It can be seen clearly that the two tetrameric units are related by inversion in polymorphs (Ia) and (Ib), while they are not in polymorph (Ic).
The combination of O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds construct two-dimensional (2D) hydrogen-bonded sheets ( Fig. 4 is shown as a representative for the three polymorphs), while C-HÁ Á ÁO andinteractions interlink the 2D sheets into a three-dimensional (3D) network. In polymorph (Ia), the parallel sheets are linked by twostacking interactions involving the deferiprone molecule and its glide-related counterparts at (x À 1 2 , y, Àz + 1 2 ) and (x + 1 2 , y, Àz + 1 2 ), with similar centroid-centroid distances of 3.6825 (18) Å . In polymorph (Ib), twostacking interactions between the deferiprone molecule and its glide-related counterparts at (x, Ày + 1 2 , z À 1 2 ) and (x, Ày + 1 2 , z + 1 2 ) are slightly longer than in polymorph (Ia), with centroid-centroid distances of 3.6610 (5) Å . In polymorph (Ic), a total of sixinteractions arising from three symmetry-independent molecules are seen, with centroid-centroid distances of 3.6788 (9) and 3.6790 (9) Å between molecule A and its glide-related counterparts at (x, Ày À 1 2 , z À 1 2 ) and (x, Ày À 1 2 , z + 1 2 ), 
Figure 6
Overlay of the simulated powder X-ray diffraction (PXRD) patterns of polymorphs (Ia)-(Ic) with experimental PXRD patterns measured from the powdered crystal sample, showing the presence of polymorphs (Ia) and (Ib) in the experimental PXRD pattern. The characteristic peaks of (Ia), (Ib) and (Ic) are denoted by asterisks (*), hashes (#) and dollar signs ($), respectively. distances of 3.6735 (9) and 3.6736 (9) Å between molecule B and its glide-related counterparts at (x, Ày + 1 2 , z À 1 2 ) and (x, Ày + 1 2 , z + 1 2 ), and distances of 3.6862 (9) and 3.6862 (9) Å between molecule C and its glide-related counterparts at (x, Ày + 3 2 , z À 1 2 ) and (x, Ày + 3 2 , z + 1 2 ). In the 3D crystal packing, polymorphs (Ia) and (Ic) form corrugated sheet-like arrangements (Fig. 5 ), while polymorph (Ib) shows a squaregrid network (Fig. 5 ).
Hirshfeld surface analysis and lattice energy calculations
The crystal structure analyses indicated that the three polymorphs exhibit common features, like O-HÁ Á ÁO hydrogen-bonded dimer formation, C-HÁ Á ÁO hydrogen-bonded tetramer formation andstacking interactions; however, they differ in their molecular arrangements, as noted in Fig. 5 . They can be understood as packing polymorphs. Lattice energy calculations represent the energies of all interactions involved in a crystal. In this study, the lattice energies of the three polymorphic forms, (Ia)-(Ic), were calculated using CrystalExplorer17.5 software (Turner et al., 2017) . For the calculations, CIF files for polymorphs (Ia) and (Ib), and the structure of polymorph (Ic) without disorder were used. The lattice energies for polymorphs (Ia), (Ib) and (Ic) are À140.5, À142.15 and À141.26 kJ mol À1 , respectively, which are similar to each other. The concomitant appearance of polymorphs is usually driven by similar energy values (Bernstein et al., 1999) and the calculated lattice energy values for the three forms of deferiprone support this notion. The O-HÁ Á ÁO, C-HÁ Á ÁO andinteractions observed in polymorphs (Ia)-(Ic) are the major contributors to the lattice energy stabilization. The energy value of the O-HÁ Á ÁO hydrogen bond for polymorph (Ib) is lower (À55.0 kJ mol À1 ) than those of polymorphs (Ia) and (Ic), with values of À51.0 and À50.3 kJ mol À1 , respectively. It can be noted that although all the polymorphic forms display a similar O-HÁ Á ÁO hydrogen-bonded dimer, they have slightly different O-HÁ Á ÁO stabilization energies. The interaction energy values for theand C-HÁ Á ÁO interactions for the three polymorphs are similar. The energy values for theinteractions for polymorphs (Ia), (Ib) and (Ic) are À53.0, À53.3, 52.6 kJ mol À1 , respectively, and the energy values for the C-HÁ Á ÁO interactions are À21.1, À21.3 and À21.0 kJ mol À1 , respectively.
Packing indices were calculated for polymorphs (Ia) and (Ib) and the structure of polymorph (Ic) without disorder using PLATON software (Spek, 2009) (Ia) and (Ic) suggest that the deferiprone molecules are more closely packed in the former crystal.
The similar lattice energy values for the three polymorphs of deferiprone is in line with observations reported by Nyman & Day (2015) , where the lattice energy differences for polymorphic systems are typically small and are less than 7.2 kJ mol À1 in 95% of polymorph pairs. It is important to note that these minute changes in the lattice energy can have large effects on the crystal packing, as in the case of deferiprone, and has implications for crystal structure prediction (CSP). According to Hulme et al. (2005) , more than 50 structures in a 5 kJ mol À1 window above the global minimum are typically generated and small changes in the energies of the predicted structures can rearrange the relative stabilities and crystal packing.
Powder X-ray diffraction analysis (PXRD)
Simulated PXRD patterns were generated from the singlecrystal data using Mercury software (Version 3.10.2; Macrae et al., 2008) and compared with the experimental PXRD pattern measured from the powdered crystal sample (Fig. 6) . The simulated PXRD patterns display characteristic 2 peaks for polymorph (Ia) at 15.28, 19.31, 26.09 and 30.85 , for polymorph (Ib) at 13.84, 18.26 and 26.68 , and for polymorph (Ic) at 14. 30, 14.62, 16.19, 16.72, 19.68, 20.11, 26.42, 28.30, 28.50 and 31.11 . The experimental PXRD patterns show the characteristic crystalline peaks of both polymorphs (Ia) and (Ib). The characteristic crystalline peaks of polymorph (Ic) could not be detected in the bulk material. Rietveld refinement was performed using TOPAS software in order to determine the Rietveld refinement plot of the bulk-material PXRD pattern with the experimental crystal structures of deferiprone polymorphs (Ia) and (Ib). The blue pattern corresponds to the bulk-material PXRD, the red pattern corresponds to the calculated profiles from the crystal structures of (Ia) and (Ib), and the grey line shows the difference curve. Individual peaks of polymorphs (Ia) and (Ib) are represented by blue and green tick marks, respectively. The Rietveld refinement suggested that the bulk material is composed of 41.6% of polymorph (Ia) and 58.4% of polymorph (Ib).
contributions of polymorphs (Ia) and (Ib) in the bulk material. The analysis indicated that the bulk material is composed of 41.6% of polymorph (Ia) and 50.4% of polymorph (Ib) (Fig. 7) .
Conclusion
Two novel polymorphic forms of deferiprone, (Ib) and (Ic), are reported, along with a redetermination of known polymorph (Ia) at low temperature. All three polymorphs were obtained concomitantly. The concomitant appearance of polymorphs is usually driven by their similar energy values and the calculated lattice energy values for the three polymorphs of deferiprone support this notion. In the crystal packing, all three polymorphs have a similar O-HÁ Á ÁO hydrogen-bonded dimer, C-HÁ Á ÁO hydrogen-bonded tetramer andinteractions. However, the molecular arrangements in the crystal differ and they can thus be classified as packing polymorphs. In polymorphs (Ia) and (Ic), the deferiprone molecules were arranged in corrugated hydrogenbonded sheets, while in polymorph (Ib), they are arranged in a square-grid hydrogen-bonded network. Amongst the three polymorphs, (Ib) has the highest packing index, the highest crystal density and the lowest Hirshfeld volume and surface area, and thus the deferiprone molecules are more closely packed compared to polymorphs (Ia) and (Ic). For all structures, data collection: APEX3 (Bruker, 2016) ; cell refinement: SAINT (Bruker, 2016) ; data reduction: SAINT (Bruker, 2016) ; program(s) used to solve structure: SHELXT (Sheldrick, 2015a) . Program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) for (Ia), (Ib); SHELXL2018 (Sheldrick, 2015b) for (Ic). For all structures, molecular graphics: DIAMOND (Brandenburg & Putz, 2005) ; software used to prepare material for publication: SHELXTL (Bruker, 2016) .
3-Hydroxy-1,2-dimethylpyridin-4-one (Ia)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C1 0.41667 (13) 0.44973 (7) 0.21598 (7) 0.00968 (19) C2 0.42391 (13) 0.46427 (7) 0.31553 (7) 0.00973 (19) C3 0.36789 (13) 0.38535 (7) 0.38371 (7) 0.01010 (19) C4 0.30830 (14) 0.29075 (7) 0.34053 (7) 0.01154 (19) 124.32 (9) C1-C7-H7B 109.5 O2-C3-C2 120.68 (9) H7A-C7-H7B 109.5 C4-C3-C2 114.98 (9) C1-C7-H7C 109.5 C5-C4-C3 120.92 (9) H7A-C7-H7C 109.5 C5-C4-H4 119.5 H7B-C7-H7C 109.5 C3-C4-H4 119.5 C5-N1-C1 120.85 (9) N1-C5-C4 121.93 (9) C5-N1-C6 119.02 (9) (14) C2-C1-N1-C5 0.62 (13) C1-C2-C3-O2 −177.20 (9) C7-C1-N1-C5 −178.33 (9) O1-C2-C3-C4 179.04 (8) C2-C1-N1-C6 −178.70 (9) C1-C2-C3-C4 1.23 (13) C7-C1-N1-C6 2.34 (13) O2-C3-C4-C5 178.21 (9) Hydrogen-bond geometry (Å, º) 
Special details
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C1 0.39396 (15) 0.21544 (7) 
178.71 (9) C4-C5-N1-C6 179.19 (9) O1-C2-C3-O2 2.11 (14) C2-C1-N1-C5 −1.11 (13) C1-C2-C3-O2 −176.48 (9) C7-C1-N1-C5 179.34 (9) O1-C2-C3-C4 −178.77 (8) C2-C1-N1-C6 −179.26 (9) C1-C2-C3-C4 2.65 (13) C7-C1-N1-C6 1.20 (13) O2-C3-C4-C5 176.36 (10) Hydrogen-bond geometry (Å, º) Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) −x, y−1/2, −z+1/2; (iii) −x+1, y−1/2, −z+1/2.
3-Hydroxy-1,2-dimethylpyridin-4-one (Ic)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (6) 0.0091 (6) 0.0006 (5) −0.0004 (4) −0.0011 (4) C4C 0.0102 (6) 0.0092 (6) 0.0149 (6) −0.0002 (5) −0.0024 (5) −0.0012 (5) C5C 0.0096 (6) 0.0109 (6) 0.0125 (6) 0.0014 (5) −0.0016 (5) −0.0002 (5) C6C 0.0153 (6) 0.0061 (6) 0.0187 (7) 0.0017 (5) −0.0010 (5) 0.0007 (5) C7C 0.0117 (7) 0.0094 (6) 0.0140 (7) −0.0033 (6) −0.0009 (5) 0.0007 (5) N1C 0.0107 (5) 0.0056 (5) 0.0113 (5) 0.0017 (4) −0.0005 (4) 0.0002 (4) O1C 0.0102 (5) 0.0085 (5) 0.0194 (6) 0.0017 (4) −0.0043 (4) 0.0022 (4) O2C 0.0154 (5) 0.0065 (5) 0.0194 (5) 0.0013 (4) −0.0048 (4) −0.0003 (4) Symmetry codes: (i) −x+1, −y, −z+1; (ii) x, y−1, z; (iii) −x+1, y−1/2, −z+3/2; (iv) x, −y+1/2, z+1/2; (v) −x, y+1/2, −z+1/2; (vi) x, −y+3/2, z−1/2.
